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ABSTRACT

TheInternationaFire Sprinkler Smole & HeatVent, Draft CurtainFire TestProjectorganizedby the
NationalFire ProtectionResearcliroundatiofNFPRF)broughttogethera groupof industrialsponsors
to supportandplanaseriesof large scaleteststo studytheinteractionof sprinklers roof ventsanddraft
curtainsof thetypefoundin largewarehousesnanufcturingfacilities,andwarehouse-ligretail stores.
Representatesfrom the sponsoringdorganizationsthe Nationallnstituteof StandardandTechnology
(NIST), andotherinterestedpartiesplanned39 large scalefire teststhatwereconductedn the Large
ScaleFire TestFacility at UnderwritersLaboratoriegUL) in Northbrook,lllinois.

INTRODUCTION

Therehasbeena long-standingdebatein the fire protectioncommunity aboutthe combineduse of
roof vents,draft curtains(curtainboards)andsprinklers.Numerousstudieshave beenconductecver
the pastfew decadesyet mary questiongemainabouttheinteractionof thesedevices. As a result,a
coordinatedpublic-private researcteffort wasorganized.A groupof industrialsponsoravasbrought
togetherby the National Fire ProtectionResearch-oundation(NFPRF)to supportand plan a series
of large scaleexperimentausingboth a heptanesprayburnerandcartonedpolystyrenecups(GroupA
plastic)asfire sources.A committeemadeup of representatis of the sponsoringorganizationsthe
Nationallnstitute of Standardsand Technology(NIST), andotherinvited participantswvas createcby
the NFPRFto guidethe studies. The committeeselectedne sprinkler roof vent, draft curtaindesign
for installationin the testfacility in orderto simulatefire protectionsystemsfound in warehouses,
warehouseetail storesandmanufcturingfacilities. The objective of the projectwasto investigatethe
effect of roof ventsanddraft curtainson the time, numbey andlocation of sprinkleractivations;and
alsotheeffect of sprinklersanddraftcurtainsontheactivationtime, numberanddischage ratesof roof
vents.

In all, 39 testswere specifiedby the committee. All 39 testswere conductedn the Large ScaleFire
TestFacility at UnderwritersLaboratoriegUL) in Northbrooklllinois. The experimentsveredivided
into threeseries:aninitial setof 22 heptanesprayburnertests(HeptaneSeriesl) [1, 2], 12 additional
heptanesprayburnertests(HeptaneSeriesll) [3, 2], and5 cartonedplasticcommoditytests(Plastic
Series)3, 2]. In addition,fire modelingandsupportingaboratoryexperimentgprovidedby NIST aided
in the planningof large scaleexperimentsandin the analysisof thedata.



TEST DESCRIPTION

The Large ScaleFire TestFacility at UL containsa 37 m by 37 m (120ft by 120ft) mainfire testcell,

equippedwith a30.5m by 30.5m (100ft by 100ft) adjustabléheightceiling. The heightof the ceiling

may be adjustedby four hydraulicramsup to a maximumheightof 14.6 m (48 ft). A flexible design
sprinkler piping systemwas available at the ceiling to permit ary arrangemenbof sprinkler spacing
with minimum pressurdosses. The exhaustflow rate in the testfacility could be adjustedfrom a
minimum rate of 11 m3/s (24,000ft3/min) to a maximumof 28 m%/s (60,000ft3/min). Four 1.5 m

(5 ft) diameterinlet ductsprovided malke up air andwerelocatedat thewalls 3 m (10 ft) above thetest
floor to minimize ary induceddraftsduringthetests.The comhustionproductsfrom thefire testswere
exhaustedhrougha regeneratie smole abatemensystem.During the heptanesprayburnertests,the
exhaustwas maintainedat the minimum operatingrate; during the cartonedplasticcommoditytests,
the exhaustwasmaintainedat the maximumto drav asmuchof the smole from the plenumspaceas
possibleto delaythe descendf thelayerbelow the adjustabléheightceiling.

Thelayoutof thefirst seriesof heptanesprayburnertestsis shavn in Fig. 1. Onel.2mby2.4m (4 ft
by 8 ft) vent(denotedoy arectanglewasinstalledamong49 uprightsprinklers(smalldots)with 3 m
by 3 m (10 ft by 10 ft) spacing. The ceiling wasraisedto a heightof 7.6 m (25 ft) andinstrumented
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FIGURE 1: Planview of heptanespray burner  FIGURE 2: Planview of heptanespray burner
configuration, Seriesl. configuration, Seriesll.

with thermocoupleandothermeasuremerdevices. Theceilingwasconstructeaf 0.6 m by 1.2m by

1.6cm(2ft by 4 ft by 5/8in) UL fire ratedceilingtiles, suspendeftom 3.8cm (1.5in) wide steelangle
braclets. Thelayoutfor the secondseriesof heptanéournertestsandthe cartonedplastictestsis shavn

in Fig. 2. For thesetests the ceiling heightwas8.2m (27 ft), andtherewere5 vents.

Draft curtains(denotedoy dashedinesin Figs.1 and2) 1.8 m (6 ft) deepwereinstalledfor 16 of the
22testsin HeptaneSeried, all of thetestsin HeptaneSeriedl, and3 outof 5 testsin the PlasticSeries.
The curtainswere constructedf 1.4 m (54 in) wide sheetsof 18 gaugesheetmetal. The seamsn
the draft curtainswere connectedvith aluminumtape. The areaof the largestquadranin Fig. 2 was
selectedo provide alargerventto floor ratio (1:42)thancalledfor by the Uniform Fire Code(1:50for
upto 6.1 m (20ft) of storageheightandlessthen560m? (6000ft?) of curtainedarea)[4].



The sprinklersusedin all the testswere CentralELO-231 (Extra Large Orifice) uprights. The orifice
diameterof this sprinklerwasreportedoy the manufcturerto benominally 16 mm (0.64in), therefer
enceactuationtemperaturavasreportedoy the manutcturerto be 74°C (165 F). The RTI (Response
Time Index) andC-factor(Conductvity factor} werereportedoy UL to be 148(m-s)% (268(ft-s)%) and
0.7 (m/s)% (2.3 (ft/s)%), respectiely [1]. Wheninstalled,the sprinklerdeflectorwaslocatedd cm (3 in)
belav the ceiling. Thethermalelementof the sprinklerwaslocatedll1 cm (4.25in) belaw the ceiling.
Thesprinklerswereinstalledwith 3 m by 3 m (10ft by 10ft) spacingn a systemdesignedo deliver a
constanD.34L/(s-m?) (0.50gpm/ff) dischage densitywhensuppliedby a 131kPa (19 psi) dischage
pressure.

UL-listed doubleleaf fire ventswith steelcoversandsteelcurbswereinstalledin the adjustableneight
ceiling in the positionsshavn in Figs. 1 and2. The vent designwas selectedn collaborationwith

the NFPRFTechnicalAdvisory Committeewho sponsoredhe large scaletests. The ventdoorswere
recessehtotheceiling0.3m (1 ft). Theventsweredesignedo openmanuallyor automaticallyn tests
whereautomaticoperatiorof theventswasdesired UL-listed fusiblelinks ratedat either74°C (165 F)

or 100°C (212F) wereinstalled. In mosttests,the 74°C link was used. To determinethe thermal
respons@ropertiesof the fusiblelink, a plungetunneltestwasperformedat NIST on arepresentate
link assemblythat consistedof a fusible link ratedat 74°C boltedto a steeltab that wasweldedto a
steelsupportbar[6]. Theinterval betweerthetime whenthelink reachedts actvationtemperatur@and
thetime whenit fusedwassignificant,suggestinghataoneparametemodelof link actvationmaynot
sufiiceto fully characterizé¢hethermalresponsef thelink. However, for thepresenstudy aneffective
RTI for thelink assemblybasedon the fusing time wascalculatedto be betweenl67 and180 (m-s)%

(302and326(ft-s)?).

The heptanesprayburnerconsistedof a1 m by 1 m (40 in by 40in) squareof 12 mm (0.5in) pipe
supportedby four cementblocks 0.6 m (2 ft) off the floor. Atomizing spraynozzleswere usedto
provide a free sprayof heptanethat wasthenignited. The total heatreleaserate from the fire was
controlledmanuallyfollowing a the curve Q = at? with a = 1.78 kW/s2. The fire growth rate was
intendedto approximatehe estimatedyrowth rate of the cartonedplasticcommodityburnsconducted
at FMRC [7]. Thefire growth curve wasfollowed until a specifiedfire sizewasreachedor the first
sprinkleractivated. After eitherof theseevents,the fire size was maintainedat that level, consistent
with a control-modesprinklersystem.The heatreleasaatefrom the burnerwasconfirmedby placing
it underthe large productcalorimeterat UL, rampingup the flow of heptanen the samemannerasin
thetestsandmeasuringhetotal andcornvective heatreleaseates.It wasfoundthattheconvective heat
releaseatewas0.65+0.020f thetotal.

TheFactoryMutual ResearciCorporationFMRC) StandardPlastictestcommodity a Cartonedsroup
A UnexpandedPlastic,sened asthe fuel for the cartonedplasticcommodityseries. This commodity
hasbeenusedextensvely for testingsincel971[7]. It consistedf rigid crystallinepolystyrenecups
(empty 0.47L (16fl 0z) size)packagedn compartmentedsingle-vall, corrugatecapercartons.The
cupswerearrangedpenenddown in five layers,25 perlayerfor atotal of 125percarton.Eachcarton,
or box, wasa cube0.53m (21in) on aside. Eightboxescompriseda palletload. Two-way, 1.06m by
1.06m by 0.13m (42in by 42in by 5 in) slatteddeckhardwood palletssupportedhe loads. A pallet
loadweighedapproximatel\80 kg (1701b), of which about36%wasplastic,35% waswood and29%
wascorrugategaper7]. A Classll commoditywasusedin thetargetarraysbeyondthe expectedarea
of thefire spread.This commaodityconsistedf doubletri-wall corrugategapercartonswith five-sided
steelstiffenersinsertedfor stability Thetwo cartonsplustheliner formedasingle1.06m (42in) cube
having a combinedhominalwall thicknessof 2.5cm (1 in).

1SeeRef.[5] for adescriptionof RTI andC-factor



FIGURE 3: Layout of Plastic TestP-1. FIGURE 4: Layout of Plastic TestP-2.
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FIGURE 5: Layout of Plastic TestP-3. FIGURE 6: Layout of Plastic TestsP-4 and P-
5.



Thelayoutsfor thecartoneglasticcommoditytestsareshavn in Figs.3—6. Eachstoragearray(denoted
by griddedrectanglestonsistedf amain(ignition) double-rev rackatthe centey flanked ontwo sides
by singlerow targetracks. Therows wereseparatedhy 2.4 m (8 ft) wide aisles.Eachof the two rows

of the main array consistedof four 2.4 m (8 ft) long bays;a 0.15m (6 in) flue separatedhe rows.

Longitudinalfluesof 0.2 m (7.5in) wereusedto separatehe palletswithin arow. The overall loaded
areaof thedouble-rev rackmeasureépproximately2.3m (7.5ft) wide by 10m (33 ft) long. Theracks
weredividedverticallyinto 4 tiers; the overall loadedheightwas5.8 m (19 ft). A similar configuration
wasusedn aserief FMRCburnsdocumenteéh Ref.[7]. Thefire wasignitedwith 2 standardgniters
which consisteddf 8 cm (3 in) long by 8 cm diametercylindersof rolled cottonmaterial,eachsoaled

in 120mL (4 oz) of gasolineandenclosedn a polyethylenebag. Therolls wereplacedjust abore the

palletagainsthecartonsurfacesn thefirst tier of themainarray halfway down thetranserseflue. The
igniterswerelit with aflamingpropangorchatthe startof eachtest.

TypeK 1.6mm(0.0625in) diametessheathethermocouplesereusedtio measurgi) temperaturesear
thesprinklers(ii) temperaturesf theceilingjet, and(iii) temperatureaearthevent. All thermocouple
measurementaere collectedelectronicallyat a 2 s scanrate. In the secondseriesof heptanespray
burnertestsandin the cartonedplastic commaodity tests, three calibratedbrassdisks with different

thermalresponsesylusa 1.6 mm (0.0625in) sheathedype K thermocoupleywereinstalledwithin the

vent cavity nearthe fusible link. The RTI valuesof the diskswere determinedrom plungetestsat

UL [3]. Thevalueswerereportedo be 32, 164and287(m-s)% (58,297and519(ft-s)%) for the“fast”,

“medium” and“slow” disks, respectrely [3]. The measurementsf eachrangedbetween-10% and

+10%of thereportedvalue.

DISCUSSIONOF EXPERIMENT AL RESULTS

In this section,the resultsof the experimentswill be discussedvith an emphasion how roof vents
anddraft curtainsaffect the time, numberandlocationof sprinkleractivations;andhow sprinklersand
draft curtainsaffect the time, numberanddischage ratesof roof vents. To facilitatethe discussiona
summaryof the 39 large scaleexperimentds presentedn Tablel.

Effect of Ventsand Draft Curtains on Sprinkler Activation Times

Whenthefire wasnot ignited directly underneatta vent, the actvation timesof the nearessprinklers
to thefire werenot affectedby the openingof ventseitherprior to or afterthefirst sprinkleractivation.
Whenthefire wasignited3 m (10ft) from theventcentertheonly discernibleaffect of theventopening
on sprinkleractivationwasfor thosesprinklersimmediatelydowvnstreanof thevent.

In testswherethe fire wasignited directly beneatha vent, vent openingsprior to the activation of the
nearessprinklershadaneffectonthe sprinkleractivationtimes. Theearliertheventopening themore
noticeablethe effect. For example,in Testsl-12, 1-13, 1-14 and I-15 wherethe fire was positioned
directly underthe ventandthedraft curtainswereinstalled the averagesprinkleractivationtime of the
nearestour sprinklerswas1:13whenthe ventwasheldclosed(Testl-12), 1:29whenthe ventopened
automaticallyat1:04 (Testl-13), 1:58whentheventwasopenednanuallyat 0:40(Testl-14), and1:08
whenthe vent was openedmanuallyat 1:30 (Testl-15). This datasuggestghat the earlierthe vent
activation, thelongerthedelayin activation of thefirst ring of sprinklers.

Testl-16 wasperformedwith a differentfire growth curve, andcannotbe directly comparedwith ary
othertest.In thattest,thefirst sprinkleractivatedat the sametime thattheventopened1:46),followed
by the next two sprinklersat 2:06 and2:08. Oneof the four sprinklersnearesthefire did not activate
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atall. Thetemperaturenearthis sprinklerwas 140 C (284 F) at the time of the vent opening,but it
decreasetb about80°C (176 F) over the next few minutes.

Duringthesecondserienf heptanesprayburnertests two testswereperformedwith theburnerdirectly
underavent. In Testll-7, wherethe ventwasheld closed,the averageactivation timesof the nearest
two sprinklerswas1:14 andthe nearessix 1:24. In Testll-3, wherethe ventopenedautomaticallyat
1:15,theaverageof thenearestwo sprinklerswas1:17 andthenearessix 1:32.

Effect of Ventsand Draft Curtains on Number of Sprinkler Activations

In generaldraft curtainsincreasedhe numberof sprinkleractivations. Inspectionof Tablel indicates
thatin Testsl-1 andI-8 therewere 11 activationswhenthe draft curtainswereinstalledandthe vent
wasclosed,andin Testl-17 therewere4 activationswhenthe curtainswerenot installedandthe vent
wasclosed. Testsl-4 and|-7 both had 10 activationswith the curtainsinstalledandthe vent closed,
Testsl-18 andl-21 had4 and 10 activationswith the curtainsremoved. Testsl-9 and|-10 had12 and
13 activationswith curtainsinstalled, Testl-22 had 6 activationswith the curtainsremoved. This data
indicateghatin testsperformedwith draft curtainswherethefire wasnotdirectly beneathra vent,there
wereup to twice asmary sprinkleractvationscomparedo testsperformedwithout draft curtains.

Thereasorfor theincreasedumberof activationsis thatdraft curtainsleadto anincreaseof the near

ceiling gastemperaturesConsideyrfor example,the peakgastemperaturegearthe seconding sprin-
klersin Testl-1 comparedo thoseof Testl-17. Thetemperaturesierebetweer2(®C and30°C (36°F

and54°F) lowerin Testl-17. Similar differencecanbe seenwhencomparingemperatures Testsl-1

throughl-16 with thosein Testdl-17 throughl-22. Thedifferencebetweertemperatures thecurtained
anduncurtainedestscanbeexplainedby consideringfire plumeimpingingonawell-developed,1.8m

(6 ft) deepsmole layerasopposedo athinnerlayer In thelattercasethe plumecanentrainmorecool

air beforeit reachesheceilinglayer, andthereforehesmoleis coolerby thetimeit reachesheceiling.

Plus,thedeepesmole layerformedby thedraft curtainsinsulateghe sprinklersfrom coolerair belav

thelayer, leadingto moreactivations.

Whateffect did the ventshave on the numberof activations?Whenthe fire wasignited directly under
avent(PositionA), thenumberof activationswasreduced.ConsiderTestl-12 versusTestsl-13, 1-14,
I-15 and1-16. The numberof activationswasroughly halved dueto the openingof the ventdirectly
aborethefire. Testdl-3 andll-7 shav thenumberof activationsreducedrom 18to 12. However, when
thefire wasnotignitedunderavent,therewaseitherasmalldecreaser nodecreasatall in thenumber
of sprinkleractiations. Testsl-1 andI-8 comparedwith Testsl-2 andl-3 shaved no reductionin the
numberof activationswhenthefire wasignited3 m (10ft) northof thevent. Testsl-4 andl-7 compared
to Testsl-5 andl-6 shavedareductionof 1 and2 sprinklersfrom 10. TestslI-11 andll-12 shaved no
reductionatall. Testsl-9 andl-10, aswell asTestsll-1, II-5, 11-2 andll-6 shaved no reductioneither
Thus,unlesgheignition took placeunderor very nearavent,therewasno evidencein this datasetthat
ventingreducedhe numberof sprinkleractivations.

To seewhy ventshadllittle effect on the numberof sprinkleractiations, considerthe averagepeak
temperaturef the curtainedareain Testsll-1, 1I-2, II-5, 11-6, 1I-11 andll-12. In Testsll-1 andll-5
wherethe fire waslocatedat PositionD and no ventsoperatedthe averagepeaktemperaturesvere
129.2C and130.0C, respectiely. In Testsll-2 andll-6 wherethefireswereat PositionD but all the
ventswereopenedat the startof the tests,the averagepeaktemperaturesvere 128.8C and127.5C,
respectiely. Similarly, in Testll-11 wherethe fire wasat PositionC andthe ventdid not operatethe
averagepeaktemperaturavas123.4C, whereasn Testll-12, whereall the ventswereopenedat the
start,thetemperaturevas119.0C.



Effect of Ventsand Draft Curtains on Sprinkler Discharge Pattern

In thecartoneglasticcommodityTestP-3,thedraft curtainto thenorthof theignition pointdelayedhe
operationof sprinklersfurthernorthandblocked the sprayof sprinklerson eithersideof it. In thistest,
thefuel arrayextendedbeneattithenorthandwestcurtains.Thefire spreado thenorthsideof themain

arraybecaus¢he commaoditytherewasunwetteddueto adelayin sprinkleractivationonthenorthside
of thecurtainandblockageof the sprinklersprayfrom thesouthside. Theresultsof TestP-3reinforced
evidenceprovided by two similar® testsperformedby FactoryMutual [7]. In the FMRC tests thefires
spreadunderneaththe curtains resultingin the developmentof a moreseverefire, a greatemumberof

sprinkleroperationsanatypicalsprinkleropeningpattern distortedsprinklerdischage patternswvhich

affectedprewetting of commodity andmoresmole production.Althoughthefire damageandnumber
of sprinkleractivationsin TestP-3werenot asgreatasthatseenin the testsperformedat FMRC, the
fire damagewas substantiallyhigherin this testthanin ary othertest performedin the series,even
thoughthefirst two sprinkleractivationswererelatively early (67 and72 s). This early activation was
mostlikely dueto the closeproximity of thefire to the intersectiorof the draft curtains.However, the
earlyjumponthefire did notleadto arapiddecreasé temperaturesr sprinkleractivationsaswasthe
casein TestsP-4 andP-5, the othertwo testsperformedwith draft curtainsinstalled. Instead the fire

spreado theunprotectedhorthfaceof thecentralarray;andeventhoughit waseventuallycontrolledby

sprinklerson the north side of the east-westurtain, it ultimately consumedapproximatelyl84 boxes,
nearlytwice asmuchasTestsP-4andP-5. A ventdid automaticallyactivateat 4:11, but by thattime

thetwo sprinklerson eachsideof it hadalreadyactivated.Basedon anexaminationof thethe sprinkler
activationpatternandthethermocouplelata theopeningof theventhadnoinfluenceonthetestresults.

Effect of Sprinklers on the Number and Time of Vent Activations

Basedonthetestdatacollectedin this study it is difficult to asses®ow, in general sprinklersaffectthe
activation of ventsbecaus€1l) thereis little informationabouthow the ventswould have operatedn
anunsprinkleredacility becaus®nly onetestwasperformedwithoutsprinklers,and(2) only onevent
designwasusedin the testprogram.However, it appeardgrom the databelov thatthe sprinklerspray
influencedthethermalresponseharacteristicef this particularvent, andit is believed thatsprinklers
couldhave a similarinfluenceon comparablesentdesigns.

In theoneunsprinkleredestof the study(Testl-11), theventopenedat4:48. The heptanesprayburner
was8.6 m (28 ft) from theventcenter Six othersprinkleredtestswereperformedwith the fire at this
distancefrom the ventwhenthe ventwasequippedwith a fusible link, andin noneof thesetestsdid
theventopen.In theunsprinkleredrestl-11, the temperaturaearthe ventwasabout170C (338 F),
whereasn Testl-10, with the fire at the samelocation, the temperatureearthe ventwasabout9(*C
(194 F) afterthe sprinklershadactivatedaroundthe fire. Examinationof the nearceilingtemperatures
from all the testsindicatesthat sprinklersof this type have a significantcooling effect that altersthe
respons®f thethermally-responge, independently-aarolled vents.

To betterunderstandhe thermalenvironmentin the vicinity of the vent's fusiblelink, athermocouple
andthreecalibratedbrassdiskswereplacednearthelink of the ventlocatedat the northwestcornerof
the curtainedareaduring the secondseriesof heptanesprayburnertests.In Testsll-3 andll-4, when
theventopenedautomaticallythetemperaturef the “medium” and“slow” disksroseabore therated
temperaturef the link (74°C, 165°F) at aboutthe sametime that the vent opened.In Testll-8, the
ventopenedaboutl0s beforethe“medium” disktemperatureeached4°C, and30s beforethe“slow”
disk temperatureeached74°C. In Testsll-9 andll-11, wherethe ventdid not open,the temperatures

2Thetestsperformedat FMRC involved slattedwood shelving,a slightly differentrack configuration anddifferentsprin-
kler spacingandflow rate.



recordedby the “medium” and“slow” diskswerecomparablgo thoserecordedby the disksin Tests
[1-3, 11-4 andII-8.

In PlasticTestP-2,thefire wasigniteddirectly underavent. In the experiment flamesreachedhetop
of thecentralarrayat about65 s andtheventcavity atabout70s. Thefirst sprinkleractvatedat 100s.
Theventdid notopenatary time duringthe30 min testeventhoughanothewent6é m (20ft) to thewest
of theunopenedrentopenedat 6:04. The temperaturdnistoriesof the brassdiskswithin the cavity of
theunopenedrentaregivenby Fig. 7. After thetest,thefusiblelink wasexamined andit wasobsered
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FIGURE 7: Temperaturesinside the instrumented vent cavity during Plastic TestP-2. The curve
on the left displaysthe temperature of the thermocouple near the fusible link. The curve on the
right displaysthe temperature of the brassdisks. The horizontal line on the right plot indicates
the rated temperature of the fusible link.

thatthe solderholding the two strips of metaltogethethadbegunto melt. This obseration hadbeen
madewhenexaminingthelinks afterseveral of the heptanesprayburnertests,aswell.

This data,alongwith the plungetunnel measurementseportedabore suggestdhat the fusible link
reachedts actiation temperaturdeforeor at aboutthe sametime asthe the first sprinkleractivated,
but thelink did not fuse. It is not clearwhetherthelink did not fusebecausét wascooleddirectly by
waterdravn upwardsinto theventcavity, or whetherthe sprinklerspraysimply cooledtherising smole
plumeenoughto preventthelink from fusing. In ary event,this phenomenomnequiresfurtherstudy

Effect of Sprinklers on the Discharge Rate of Vents

Thecoolingof the nearceiling gaseglueto the operationof sprinklerswill affecttherateof dischage
througha vent. To measurehe flow of gasesthrougha vent, a velocity probe and thermocouples
werepositionedn theventnearesthefire locationin the secondseriesof heptandournertestsandthe
cartonedplasticcommoditytests. Unfortunately the velocity datawasdeemedunreliable thusthere
washo meando directly measureéhedischagerate.Insteadthe numericaimodelwasusedto examine
theeffect of sprinklersonthedischagerateof vents,andthisissuewill betakenupin a separat@aper

An indirect effect of sprinklerson vent performancds that sprinkler spraysentrainsmole and hot
gasescool them,andtransporthemtowardsthefloor. No measurementseremadeduringtheteststo
quantifythis phenomenorut visualobsenrationsweremadeby theauthorgo determinevhatareasof
thetestspacdilled with smole duringthefirst 5 or 10 minutesof the cartonedplasticcommaoditytests.
In TestP-1, earlierand morefrequentsprinkleractivation occurredto the north of the ignition point,
leadingto heavier obseredsmole loggingin thenorthaisle.In TestP-2it waslessobviouswhich aisle



wasmoreheaily smole logged.In TestP-3,thesouthaislewasmoresmole loggedbecauseprinklers
to thenorthof theignition pointweredelayedy thedraftcurtains.The curtainsalsoblockedthesmole

from the north aisle, at leastinitially. In TestP-4,the southaislewasmoreheaily smole logged;in

TestP-5,thenorthaisle. Thesprinkleractiation patternin TestsP-4andP-5wasconsistentith these
obsenrations.

CONCLUSIONS

Thirty-four large scalefire testswereconductedat the Underwriterd_aboratoried arge ScaleFire Test
Facility in Northbrooklllinois, to investigatevhateffectroof ventsanddraft curtainshave onthetime,
numberandlocationof sprinkleractivations;andwhat effect sprinklersanddraft curtainshave on the
time, numberanddischage ratesof roof ventsin a warehouser warehouse-lik retail store. The test
siteandexperimentatestparametersverechoserby anindustry-ledTechnicalAdvisory Committeeto
addresselatively large, open-areduildings with smooth,unobstructedexceptfor draft curtains)hor
izontal ceilings,adequatesprinklersystemsandindependently-cdrolled (i.e. notgrouped)automatic
roof vents. Becausehe smole was ventedinto a large plenumspaceand not the atmospherewind
effectswerenot consideredndthe effect of ventingon smole obscuratiorcould not be quantified.

Themajorfindingsrelative to theinteractionof sprinklers draft curtainsandventsbasedn ananalysis
of theUL experimentsn this studywere:

o In testswherethefire wasnotigniteddirectly undera roof vent,ventinghadno significanteffect
onthesprinkleractivationtimes,the numberof activatedsprinklers the nearceiling gastemper
aturespr the quantityof comhustiblesconsumed.

o In testswherethe fire wasignited directly undera roof vent, automaticvent activation usually
occurredat aboutthe sametime asthe first sprinkleractivation, but the averageactivationtime
of thefirst ring of sprinklerswasdelayed.Thelengthof the delaydependeadn the differencein
activationtimesbetweertheventandthefirst sprinkler

o In testswherethefire wasigniteddirectly underaroof ventthatactivatedeitherbeforeor atabout
the sametime asthefirst sprinkler the numberof sprinkleractivationsdecreasetty asmuchas
50% comparedo testsperformedwith theventclosed.

o In testswheredraft curtainswereinstalled,up to twice asmary sprinklersactivatedcomparedo
testsperformedwithout curtains.

¢ In onerack storageestwherethe ignition of thefire took placeneara draft curtainandthe fuel
array extendedunderneatthe curtain, disruptionof the sprinklersprayanddelayin sprinkler
operatiorcausedy thedraftcurtainledto afire thatconsumednorecommoditycomparedo the
othertestswherethefireswereignitedaway from thedraftcurtains.Thisresultwasdemonstrated
by themodelsimulation,aswell.

e Thesignificantcoolingeffect of sprinklersprayson thenearceiling gasflow oftenpreventedthe
automaticoperatiorof thevents.This conclusioris basednthermocoupleneasurementsithin
the vent cavity, the presenceof drips of solderon the fusible links recoreredfrom unopened
vents,andseveraltestswhereventsremotefrom thefire andthe sprinklersprayactivated.ln one
cartonedplasticcommodityexperiment,a vent did not openwhenthe fire wasignited directly
beneattit.
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